The study examined the challenges faced by cocoyam farmers in adapting to climate change in Southeast, Nigeria. Three hundred and eighty-four respondents selected through multi-stage sampling technique were used for the study. Data were collected using structured questionnaire and interview schedule and analysed using both descriptive and inferential statistical tools. Findings showed that majority were females (67%), married (92%) and maintain average household size of 6 persons and a mean age of 51 years. They were mainly primary (32%) and secondary (34%) school certificate holders with farming (77%) as their major occupation. The major cropping pattern practiced was mixed farming with cassava (63%) and maize (58%) as the major crops cultivated by the farmers. Majority of the farmers owned farms of one hectare and below accessed mainly through inheritance (76%) and labour sourced mainly through hiring (50%). Most (81%) of the farmers have spent more than ten years in farming. Climate change information was accessed mainly through their personal experience (64%), radio (42%) and fellow villagers (39%). The study identified eight major challenges faced by cocoyam farmers in adapting to climate change namely Lack/high cost of farm inputs and low soil fertility (Factor 1), Land and labour constraints (Factor 2), Poor access to information and ineffectiveness of cooperatives (Factor 3), lack of/poor access to fund and credit facilities and poor government support (Factor 4), lack of improved varieties of cocoyam (factor 5), poor value attached to cocoyam (Factor 6), poor infrastructural capacity and technology know-how (Factor 7) and Transportation constraint (Factor 8). Analysis of variance identified significant variations in the challenges faced by cocoyam farmers in the study area. The study recommends enrollment in cooperatives and revitalizing existing cooperatives, re-orientation of farmers on the benefits of cocoyam and increased used of climate change information sharing using mobile phones as possible ways of alleviating the challenges.
Introduction
Both natural and human systems in all continents have experienced the impacts of climate change though the evidence is more pronounced in natural systems (IPCC, 2014) . Changes in climate and its impacts come as a result of varying changes in weather parameters over time, (Nzeh et al., 2015) . These no doubts through various manifestations have adverse effect on man and his activities, especially agriculture. The IPCC Fourth Assessment Report observes that Africa is one of the most vulnerable (due to its physical and socioeconomic characteristics) continents to the changes in climate. This is mainly as a result of their low adaptive capacity and numerous stressors. It also noted several African countries will experience severe decrease as much as 50% in their agricultural production by the year 2020 with worst impact on subsistence farmers, thereby adversely affecting the continent's food security. Similarly, the Food and Agriculture Organisation (FAO, 2010) noted that climate change militate against the progress made in African's economy as huge amount of resources are been invested in adaptation issues. Thus, the resource base of farmers are likely to be affected, this may worsen the situation and create food insecurity problems.
In Nigeria, the impact of this change in climate are becoming more intense, this is occasioned by the increase in flooding, drought and general rainfall fluctuation experienced in the country in the past few years. Specifically, in cocoyam production, Ukonze (2012) identified many effects of climate change on cocoyam production ranging from reduction in nutritional value, taste and quality to low yield which could lead to extinction of cocoyam from crop mixture if nothing is done. The climate is no longer predictable as in the olden days where rainy and dry seasons are succinctly separated. Unfortunately, majority of the farmers still rely on the fluctuating climate signals for the farming activities resulting in heavy loss of planted crops. Nigerian Meteorological Agency, (NIMET, 2010 (NIMET, , 2012 stated that ''if the present trend of climate variability continues, it is likely that the frequency and intensity of weather-related disasters may increase in the years ahead". Observations have shown that the climate variability trend has continued to progress over the years. This highlights the cogent need of developing effective and sustainable mitigation and adaptation measures in the country. ''Although Nigeria, like other developing countries, is not required under the current global climate change negotiations to take on emission reduction commitments (mitigation), it nevertheless has to adapt to the expected impacts of anticipated climate change", (Oladipo, 2010) . This makes adaptation the major response to climate change in Nigeria. Varying adaptation options have been identified by different researchers in different parts of the country, as well as those developed by the farmers through experience over the years. Eriksen et al. (2010) noted that though adaptation can significantly minimize the undesirable impacts of climate change, enough attention is yet to be paid to the outcome of these adaptation practices as regards sustainability. They explained ''that in some cases, what seems to be a successful adaptation strategy to climate change may, in fact, undermine the social, economic and environmental objectives associated with sustainable development for instance strategies or policies that make sense from one perspective, or for one group, may at the same time reduce the livelihood viability or resource access of other groups; likewise, an eagerness to reduce climate risk through specific technologies or infrastructural changes may sometimes lead to the neglect of other environmental concerns, such as biodiversity, hence, adaptation can have unintended negative effects both on people and on the environment" (Naess et al., 2005; Eriksen and O'Brien, 2007; Eriksen and Lind, 2009 ).
In addition, majority of the studies relating to agriculture and climate change in Africa concentrated on impacts and corresponding coping/adaptation strategies as well as projections with less attention given to the challenges of adaptation (Enete and Amusa, 2010) . These incomplete assessments are not suitable enough to provide comprehensive insight into farmers adaptation constrains. To effectively achieve food security goals, it is important to also assess these areas of agriculture and climate change. Furthermore, ''the vulnerability of agriculture is not determined by the nature and magnitude of environmental stress like climate change alone, but by the combination of the societal capacity to cope with and/or recover from environmental change" (Wisner et al., 2004) .
Against the foregoing backdrop, this study assessed the challenges cocoyam farmers faced in climate change adaptation in Southeast Nigeria. It described the socio-economic characteristics of the cocoyam farmers, examined sources of climate change information and differences in challenges faced by cocoyam farmers in adapting to climate change in their different states. Arokoyu and Umeduji (2004) stated that the environment means all the external conditions influencing the development of any living organism. This involves the circumstances, objects, or conditions by which the living organism is surrounded, implying that anything outside of man himself is his environment. Similarly, Adisa et al., 2006 opined that the environment is simply the physical space and the surroundings in which man lives or resides. This includes all living organism, air, water, soil and all other resources necessary to sustain life. This is to say that all things outside man are his environment. Human history has it that man in his struggle to survive and in his quest to satisfy his increasing range of needs and desires has continued to inflict change in his environment, this is heightened by the growing human population and technology advancement. Man's activities in his environment result in changes in the natural environment such that the natural environment is becoming difficult to define or explain. On the other hand, man's environment on its own exerts some influences on man and his activities making the relationship between man and his environment a two-way process. Notably, man does not allow the changing environment to cripple his activities, in his struggle to survive he invent ways to adapt (adaptation measures) his activities (example farming activities) to the changing environmental conditions. Arokoyu and Umeduji (2004) proposed three notable theories on man-environment interaction namely; environment determinism, environment possibilism and environment probabilism. The theory of environmental determinism predicated on the basic idea that the natural environment absolutely defines the locus of man's action. Human being is seen as a mere product of the earth's surface, which implies that he is a function of the environment, he depends on the resources or opportunities offered by the environment and at the same time is confronted by hurdles or constraints posed by the environment. The theory of environmental possibilism holds that man is the master of the environment. The environment simply offers a wide range of opportunities from which man uses his initiative to choose. Man uses his ingenuity to confront, circumvent or scale any hurdle or limitation which nature or environment poses. At will, he can create new landscapes, irrigate his farm or, genetically develop the kind of crop that suits his environment. He can transform nature to his own advantage and nothing is impossible to man in the absolute sense. The environmental probabilism theory states that the physical environment offers some opportunities that might determine probable courses of action, but the onus to make a decision accepting or modifying any course of action ultimately lies with man. This is to say that man's interaction with his environment is a two-way process involving the influences exerted by man on his environment and the influences exerted by the environment on man, his mode of behavior and on his activities. This research work is based on the environmental probabilism theory. This theory assumes a relationships between man and his environment. Man's environment exerts changes on man and on the other hand, the activities of man exert changes on the environment. One of the major products of this changing environment is the change in climate. Due to the changes brought about by man's activities in the level of greenhouse gases (GHG) in the atmosphere, the climatic conditions also undergo changes. As the volume of these greenhouse gases (e.g. carbon dioxide, methane and chlorofluorocarbons) increase, the temperature of the earth's surface rise gradually. It is this rise in the earth's temperature that causes climate change. This change in climate has numerous effects on man's activities especially agricultural activities. This research is aimed at analysing the challenges faced by man (cocoyam farmers) as they adapt to climate change effects. In the face of rising environmental issues that poses serious threat to human life and sustenance, research work that can strengthen the adaptive capacity of man (particularly farmers) becomes very necessary. More so, in a predominantly agrarian country like Nigeria, the most important natural resources are Land (soil and water), vegetation and animals (wildlife and domestic livestock). Human activities depend on these resources, which determine the living standard of the vast majority of the population (especially the rural people). It is very necessary that these resources are preserved to ensure continued sustenance of human life.
Conceptual framework
The conceptual framework is based on the premise that climate change affects Cocoyam production thereby prompting farmers to adapt to this change. It conceptualized that in adapting to climate change, farmers face a lot of challenges which can alter their successful adaptation. The conceptualization assumes that relationship between the dependent (challenges to adaptation and source of information on climate change) and independent variables (age, marital status, level of education, gender, farming experience, household size, farm size, major occupation, farming activities done and monthly income, major crop cultivated, method of land acquisition, major source of land) is strong, but a weak relationship exist between the intervening variables (government policies, availability of infrastructural facilities, cultural factors, institutional factors and attitude of cocoyam farmers towards change) and the independent variables. The Relationship between the various variables (Dependent, Intervening and Independent variables) are expressed in Fig.1 .
Hypothesis of the study
There is no significant difference in climate change adaptation challenges faced among cocoyam farmers in Southeast Nigeria.
Independent variables
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Methodology
The study area is Southeast Nigeria which comprises of Abia, Ebonyi, Imo, Anambra, and Enugu state. ''The zone is located within latitudes 4°47 0 35 00 N and 7°7 0 44 00 N, and longitudes 7°54 0 26 00 E and 8°27 0 10 00 E in the tropical rain forest zone of Nigeria, with mean maximum temperature of 27°C, and total annual rainfall exceeding 2500 mm" (Ezemonye and Emeribe, 2012) . ''It is mainly agrarian and inhabitants depend more on land resources, due to its dense population averaged to about 1000 people/Km 2 . The climate of Southeast Nigeria is influenced by the three major air masses namely; the equatorial Maritime, the Equatorial Estuaries and the Tropical continental air masses" (Mbakwe et al., 2004) . Rainfall is the key climatic variable. Loamy soil is the predominant soil type while mixed cropping is the major cropping system, (Unamma et al., 2004) . Locally manufactured farm tools are still predominantly used in the area. The population of this study comprises all farmers growing cocoyam who have lived in the Southeast Nigeria for at least twenty years. Selection of sample for the study was done using multi-stage sampling technique. First, three states namely Anambra, Imo and Enugu were randomly selected from the five states in the zone. Secondly, from each of the selected state, two agricultural zone were randomly selected. In Anambra state, Awka and Onitsha zone were selected, in Imo state, Orlu and Okigwe zone were selected while in Enugu state, Udi and Nsukka zones were selected.
The third stage comprises random selection of two blocks from each selected zone. The blocks selected were Dunukofia, Awka south, Ihiala, Ekwusigo, Onuimo, Isiala Mbano, Njaba, Orsu, Udi, Ezeagu, Uzouwani and Igboetiti. In the fourth stage, from each selected block, two circles were randomly chosen. The circles selected were Ukpo, Abagana, Umuawulu, Nise, Uli, Okija, Ozubulu, Ihembosi, Umunaa, Okwelle, Osuowerre 1& 2, Osuachara, Nkume, Ugbeleakah, Ebenato, Awoidemili, Amaokwe, Obiaoma/Nsude, Oghe/Iwollo, Obinaofia, Nkporogwu, Ogwurugwu, Ukehie and Ozara. The sampling frame is the list of all cocoyam farmers that have lived in the selected circles for at least twenty years. Traditional rulers, village and clan heads and chiefs, extension agents and key informants helped in the compilation of this list. A sample size of 384 respondents were proportionately selected for the study, this marks the fifth stage.
Primary data was used for this study which was collected using a structured questionnaire and structured interview schedule. In-depth interview and Focused Group Discussion was used to argument structured questionnaire and interview schedule. Secondary data was also used to complement the primary data. Analysis of variance was used to test the hypothesis while varimax rotated factor analysis and descriptive statistical tools were used to achieve the objectives. Scheffe Post Hoc multiple comparison test was used to identify the area of variation.
Results and discussion
Socio-economic characteristics of the cocoyam farmers
Findings in Table 1 showed that the majority of the respondents were females (67%), married (92%) and maintain average household size of 6 persons. Mean age was 51 years indicating that they are old enough to have experienced climate vagaries and as could give credible responses on climate change issues. They were mainly primary (32%) and secondary (34%) school certificate holders. Their major occupation is farming (77%) with major cropping pattern as mixed farming and cassava (63%) and maize (58%) as the major crops cultivated by the farmers. Majority of the farmers owned farms of one hectare and below while farm lands were acquired mainly through inheritance (76%) and labour sourced mainly through hiring (50%). Most (81%) of the farmers have spent more than ten years in farming.
Climate change information source
Results in Table 2 show that farmers accessed climate change information through their personal experience (64%), radio (42%) and fellow villagers (39%). It was observed that the potentials of mobile phones in disseminating information is yet to be harnessed as information on climate change is rarely passed through this medium. Farmers mainly see mobile phones as a means of sharing personal information.
Challenges faced by cocoyam farmers in adapting to climate change
Principal component analysis identified eight units with Eigenvalues of above 1, explaining 24.3%, 9.071%, 6.182%, 5.169%, 4.608%, 3.934%, 3.590% and 3.096% of the variance respectively. The eight units represent the eight main constraints faced by cocoyam farmers in adapting to climate change and explained 59.98% of the variance. These eight factors are namely: Lack/ high cost of farm inputs and low soil fertility (Factor 1), Land and labour constraints (Factor 2), Poor access to information and ineffectiveness of cooperatives (Factor 3), lack of/poor access to fund and credit facilities and poor government support (Factor 4), lack of improved varieties of cocoyam (factor 5), poor value attached to cocoyam (Factor 6), poor infrastructural capacity and technology know-how (Factor 7) and Transportation constraint (Factor 8).
For the individual components that made up each factor, only those with loadings of 0.50 and above were considered significant. The items that amplified factor one (lack/high cost of farm inputs and low soil fertility) includes high cost of farm inputs (0.834), scarcity and poor access to fertilizer (0.589), shortage of planting material (0.620), high cost of fertilizers (0.531) and low soil fertility (0.872). The farmers during the Focused group discussion complained of the high cost of fertilizers in their zone. According to them, sometimes it is not even seen at all, only the adulterated ones are available in most markets. On the e-wallet of the Federal government, the farmers said though it has improved fertilizer distribution but not to a significant level. Under factor two (Land and Labour constraint), the constraining variables against climate change adaptation are high cost of labour (0.723), poor access to land (0.556), shortage of cultivable land for production expansion (0.652) and land tenure system problem (0.579). This result is supported by Deressa (2008) which reported that shortage of farm labour is a major barrier to climate change adaptation. Though farmers in the study area have relatively good number of household to supply farm labour, they complained that their children are not interested in farm work and as such abandons it to search for with collar job. Also, farmers complained that even when they want to try some of the adaptation measures available to them; they are constrained by limited available land. Leasing/renting has become expensive that it is no longer profitable to do. Benhin (2006) noted that farm size facilitates the speed of adoption of adaptation measures to climate change. Under factor 3 (poor access to information and ineffectiveness of co-operatives), the specific constraining variables against climate change adaptation are lack of extension agent contact (0.627), poor access to weather forecast information (0.576), ineffectiveness of existing co-operative societies in the area (0.544) and non-existence of co-operatives in my area (0.691).''Information problems could pose serious challenges to the farmers coping strategies as they may not be aware of recent developments regarding climate change adaptations and the necessary readjustments needed" (Enete et al., 2011) . In addition, ''a lack of adaptive capacity due to constraints on resources like information may result in further food insecurity" (Mark et al., 2008) .
The constraining variables that loaded high under factor 4 (lack of/access to fund & credit facilities and government support) are lack of government support (0.512), lack of access to fund to improve production, processing and marketing (0.536) and lack of collateral to secure available credit facilities (0.691). ''Lack of access to credit or saving and adequate information about climate change are some of the major problems encountered by farmers in adapting to climate change in Africa' (Benhin, 2006) . Enete et al. (2011) noted that ''with limited income (poverty), the acquisition of necessary facilities will be difficult, these facilities may not only be costly but may also appear scarce for poor farmers". This underscores the problem of lack of access to farmers and suggests the urgent need to improve farmer's access to credit facilities. On the other hand, (Emodi et al., 2014) reported that lack of government constitutes a major constraint to cocoyam production in Imo State.
Factor 5 (lack of/poor access to improved varieties) comprises of lack of improved cultivars of cocoyam (0.601), lack of disease/pest resistant cultivars (0.584) and limited range of varieties (0.534). The use of improved variety of crops could serve as an effective adaptation measure as some of them are tolerant and resistant to climate change effects, (Downing et al., 1997; Enete et al., 2010) .
Under factor 6 (low value attached to cocoyam), the constraining variables to climate change adaptation are low demand for cocoyam (0.694), low price of cocoyam in the demand (0.525) and poor recognition of cocoyam as food (0.577).
The factors that magnified factor 7 (poor infrastructural capacity and technological knowledge) are lack of mechanized farming (0.556), poor knowledge of extension agent on adapting cocoyam to climate change (0.501) and lack of sufficient farming experience to tackle climate exigencies (0.534) Under factor 8 (Transportation constraint), the factors that loaded high are poor state of feeder roads (0.539), far distance of fertile farm lands from residential homes (0.579) and high cost of transportation (0.598). Onwubuya and Ajani (2012) identified poor access to good roads as one of the major constraints facing cocoyam farming (Table 3) .
Test of hypothesis
There is no difference in climate change adaptation challenges faced among cocoyam farmers in Southeast Nigeria (Table 4) .
Analysis of variance was to check for significant differences in challenges to climate change adaptation among cocoyam farmers in the study area. Statistical significant difference exist at p < 0.05 level : f (2, 381) = 10.411, p = 0.000. In addition, ftab value (7.530) was less f-cal value (10.411) at 0.05. This confirmed that significant differences exist in the challenges faced by cocoyam farmers in the study area.
The effect size calculated using eta squared method was 0.05 which according to Cohen (1988) would be classified as a small effect size. It could, therefore, be said that despite reaching statistical significant, the mean scores between the groups (states) was small. However, the sources of these differences with respect to the variables need to be verified further. This was done using a Multivariate analysis of variance. A multivariate analysis of variance was chosen instead of conducting a series of ANOVA separately for each dependent variable (constraint) to avoid the risk of an inflated Type 1 error. ''Conducting a whole series of analyses stand the risk of an inflated Type 1 error, this implies that the more analyses one runs, the more likely you are to find a significant result, even if in reality there are no differences between the groups", (Pallant, 2010) . Using MANOVA controls or adjusts for this increased risk of a Type 1 error. A one-way between-groups multivariate analysis of variance was done to identify the specific constraints that differ. Thirty-three dependent variables were used while the independent variable were the three states used for the study. To further minimize the chance of a Type one error, a higher alpha level was set. This was done by applying a Bonferroni adjustment which gave a new alpha value of 0.0015. Therefore, only probability value (Sig) of less than 0.0015 were considered significant.
The variables that significantly differs were lack of extension contact, lack of improved cultivars of cocoyam, lack of disease/pest resistant cultivars, high cost of transportation, poor state of feeder roads, far distance of fertile farm lands from residential homes, poor knowledge of using improved farm production method, low demand for the cocoyam, low price of cocoyam in the market, poor/lack of improved storage facilities, low soil fertility, limited range of varieties, land tenure system problem, shortage of cultivable land for production expansion, poor recognition of cocoyam as food, old age problems, non-existence of cooperatives societies in the area, ineffectiveness of the existing cooperative societies in my area and existence of some traditional beliefs that hinders effective adaptation.
Of the nineteen constraints that differ significantly, only two had a partial eta squared value of above 0.138 indicating large difference in their variance. These are low price of cocoyam in the market (0.167) and poor/lack of improved storage facilities (0.140). Thirteen have eta squared values of above 0.06 indicating a medium difference in their variation. These include lack of extension contact (0.56), lack of improved cultivars of cocoyam (0.59), lack of diseases/pest resistant cultivars (0.59), poor state of feeder roads (0.68), low demand for cocoyam (0.133), low soil fertility (0.85), shortage of cultivable land for production expansion (0.58), poor recognition of cocoyam as food (0.103), old age problems (0.70), non-existence of cooperatives societies in my area (0.71), existence of some traditional beliefs that hinders effective adaptation (0.115) and ineffectiveness of existing cooperatives (0.113). the remaining four had small eta squared value which indicates little difference in their variation (Table 5) . Having confirmed that significant difference exists in the constraints faced by farmers in adapting to climate change in Southeast Nigeria as well as identifying the specific variables that vary. A post Hoc comparison test (Sccheffe test) was conducted to identify where exactly the difference lies. This indicated (as shown in Table 6 ) that the mean score for Anambra state (M = 88.0547, SD = 14.32) was significantly different from Imo state (M = 96.70, SD = 16.04). Enugu state (M = 92.06, SD = 15.12) did not differ significantly from either Anambra state or Imo state. This shows that the constraints faced by cocoyam farmers vary mainly between Anambra and Imo state and calls for specific action that will suit each state by the state government.
Conclusion and recommendations
The study identified eight major constraints faced by cocoyam farmers in adapting to climate change in southeast Nigeria. These eight factors include Lack/high cost of farm inputs and low soil fertility, Land and labour constraints, Poor access to information and ineffectiveness of cooperatives, lack of/poor access to fund and credit facilities and poor government support, lack of improved varieties of cocoyam, poor value attached to cocoyam, poor infrastructural capacity and technology know-how and Transportation constraint. It also identified that significant differences exist in the constraints faced by cocoyam farmers in adapting to climate change in Imo and Anambra states with low price of cocoyam in the market (0.167) and poor/lack of improved storage facilities (0.140) being the major constraints that vary. Also, the challenges faced by cocoyam farmers in adapting to climate change in the Anambra and Imo state differ significantly.
Based on the findings of the study it was recommended that there is a need to educate the farmers on the benefits of joining cooperatives thereby pooling their resources together to help in procurement of farm inputs as well as credit facilities that can enable them to adapt more effectively to climate change. Much work is still needed in the aspect of the level of value attached to cocoyam as a crop both on the side of farmers, researchers and governmental agencies. Cocoyam needs to be promoted as a valuable crop. It is only when farmers value cocoyam like their other cherished crops for instance cassava that meaningful improvement can be experienced in the overall farming system. Furthermore, specific policies and practices that could help farmers overcome challenges are needed as the study confirmed significant variation in two states studied. It is necessary for the government and other stakeholders in the area to develop and implement policies that specifically addresses the individual needs of the different states rather than general policies. 
